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I. INTRODUCTION

IRECO Chemicals, Inc., has developed a castable explosive, IRESET, that

can be placed by pumping and sets to a hard, water-resistant charge. IRESET

can be obtained in a variety of compositions. Two of these, IRESET A-1 and

A-la, hold promise as possible replacements for ammonium nitrate and fuel oil

(ANFO) for use in large (544 metric tons [600 tons] or greater) high-explosive

tests.

Because IRESET A-i and A-la are still in the developmental stage, not much

is known about the detonation characteristics of the two compositions when they

are used in large charges. Explosive compositions and performance data pro-

vided by IRECO are shown in Table 1.

To obtain data on the performance of large-diameter IRESET charges, three

rate sticks were fabricated and used to test the explosive. In this report the

rate stick design, the test design, the test instrumentation, and the test

* results are described.
a

TABLE 1. IRESET COMPOSITIONa AND PERFORMANCE DATA

Properties Composition A-i Composition A-la , -*

Density, g/cm3  1.42 1.26

Velocity, m/s 2900 (25.4-cm dia.) 5300 (25-cm dia.)

3500 (40.6-cm dia.) 5800 (40-cm dia.) -:

6400 (90-cm dia.)

Energy, cal/g 842 842

Compression
strength 345 kPa (50 lb/in 2 ) 40.013 %/min

creep at 731 kPa .'-

(106 lb/inz )

Critical diameter
(detonate/fail), cm 25.4/20.3 15

Minimum boosterb

(detonate/fail), g 454/227 170

alngredients of IRESET are ammonium nitrate, H20, and oils.

bVal;es given for Pentolite 50/50.

• .- -... ,



II. TEST DESIGN

Two rate sticks were designed for use in determining the steady-state

detonation velocity of IRESET A-1 and a third for determining the steaay-state

detonation velocity of IRESET A-la. The first rate stick was a 457.2-mm

(18-in)-diameter, 3.1-m (10-ft)-long steel pipe with a wall thickness of 9.7 mm

(0.38 in). Tne steel pipe provided containment for the charge. The second

rate stick was a bO9.6-mm (24-in)-diameter sonotube container, which provided

minimal containment. The third was a 914.4-mm (36-in)-dimeter, 6.1-m (20-ft)-

long steel pipe witn a wall thickness of 9.7 mm (0.38 in). The container

design is shown in Figure 1.

The charge containers were shipped to IRECO to be filled. The IRESET was

cast into the containers, and the containers were returned to NMERI for test-

ing.

In the tests, the detonation velocities of the explosives in the three

rate sticks were to be measured to determine whether they reached steady-state.

The instrumentation used to measure the velocity in the first two rate sticks

was identical. Three lines of gages, each line containing 29 shorting pins and

a resistance probe, were used in each charge. The gages were enclosed in

stainless steel pipes that ran the length of the charge.

Tne shorting pins were spaced 25.4 mm (1 in) apart in the interval 0 to

0.31 m (u to 1 ft) from the bottom of the detonator well; 50.8 mm (2 in) apart

in tne interval U.31 to .bl m (1 to 2 ft) from the bottom; 102 mm (4 in) apart

from U.ol to 0.91 m (2 to 3 ft); 152.4 mm (6 in) apart from 0.91 to 1.22 m

(j to 4 ft); and 3U4.d mm (12 in) apart from 1.22 to 3 m (4 to 10 ft). This

pin arrangement provided a high definition of the early-time environment.

The resistance probes were of the type that provides a continuous record

of the velocity. The design of the resistance probe is shown in Figure 2.

The instrumentation for the third rate stick was different from that used

on the first two in that only shorting pins were used to measure the velocity.

Five lines of gages, each line containing either 37 or 42 shorting pins, were

used in the third charge. The gages were enclosed in thin-walled stainless

steel tubing, wnicn ran the length of the charge.

2 .........-
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I 50.8 mm

Plywood plug

I RESET-A

Shorting wire gage

3.1 or 6.1 m

Stainless steel tubes..1,,,

Booster plug

dia3meter 50.8 mmn
~~-2diamme

19.3-mm plywood-,"Z399m

7est Container%%

1 457.2-nun-diameter steel pipe
2 609.6-mm-diameter sonotube
3 914.4-mm-diameter steel Pioe

Figure I. Rate stick configuration.
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The snorting pin spacing for the third rate stick is shown in Table 2.

This pin arrangement provided a high definition of the early- and late-time

environments.

To contain the blast and the shrapnel, the first two rate sticks were

placed in pits approximately 3 m (IU ft) deep and covered with a soil over-

burden. The third rate stick was placed in a pit approximately 6 m (20 ft)

aeep and covered with a soil overburden. A cast booster, 203.2 mm (8 in) in

diameter and 50.8 mm (2 in) thick, ignited in seven places, was used to deto-

nate each charge.

"3. --
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TABLE 2. RATE STICK 3, PIN LOCATIONS

Pin_____ Gage range, num (in)_______

Number A B C D j E

N1 0 0 0 0 0
2 76.2 (3) 25.4 (1) 50.8 (2) 76.2 (3) 304.8 (12)
3 152.4 (6) 101.6 (4) 127.0 (5) 152.4 (6) 609.6 (24)
4 228.6 (9) 177.8 (7) 203.2 (8) 228.6 (9) 914.4 (36)
5 304.8 (12) 254.0 (10) 279.4 (11) 304.8 (12) 1219.2 (48)
6 381.0 (15) 304.8 (12) 304.8 (12) 381.0 (15) 1524.0 (60)
7 457.2 (18) 330.2 (13) 355.6 (14) 457.2 (18) 1828.8 (72)
8 533.4 (21) 406.4 (16) 431.8 (17) 533.4 (21) 2133.6 (84)
9 609.6 (24) 482.6 (19) 508.0 (20) 609.6 (24) 2438.4 (96)

10 685.8 (27) 558.8 (22) 584.2 (23) 685.8 (27) 2743.2 (108)
11 762.0 (30) 609.6 (24) 609.6 k'24) 762.0 (30) 3048.0 (120)
12 838.2 (33) 635.0 (25) 660.4 (26) 838.2 (33) 3352.8 (132)
13 914.4 (36) 711.2 (28) 736.6 (29) 914.4 (36) 3657.6 (144)
14 1066.8 (42) 787.4 (31) 812.8 (32) 1066.8 (42) 3810. (10
15 1219.2 (48) 863.6 (34) 889.0 (35) 1219.2 (48) 3962.4 (156)

*16 1371.6 (54) 914.4 (36) 914.4 (36) 1371.6 (54) 4114.8 (162)
17 1524.0 (60) 965.2 (38) 1016.0 (40) 1524.0 (60) 4267.2 (168) -

18 1676.4 (66) 1117.6 (44) 1168.4 (46) 1676.4 (66) 4419.6 (174)
19 1828.8 (72) 1219.2 (48) 1219.2 (48) 1828.8 (72) 4572.0 (180)
20 2133.6 (84) 1270.0 (50) 1320.8 (52) 2133.6 (84) 4673.6 (184)
21 2438.4 (96) 1422.4 (56) 1473.2 (58) 2438.4 (96) 4775.2 (188)
22 2743.2 (108) 1524.0 (60) 1524.0 (60) 2743.2 (108) 4876.8 (192)
23 3048.0 (120) 1574.8 (62) 1625.6 (64) 3048.0 (120) 4878.4 (196)
24 3200.4 (126) 1727.2 (68) 1778.0 (70) 3352.8 (132) 5080.0 (200)
25 3352.8 (132) 1828.8 (72) 1828.8 (72) 3505.2 (138) 5181.6 (204)
26 3657.6 (144) 1930.4 (76) 2032.0 (80) 3657.6 (144) 5257.8 (207)
27 3810.0 (150) 2133.6 (84) 2133.6 (84) 3962.4 (156) 5334.0 (210)
28 3962.4 (156) 2235.2 (88) 2336.8 (92) 4114.8 (162) 5410.2 (213)
29 4267.2 (168) 2438.4 (96) 2438.4 (96) 4267.2 (168) 5486.4 (216)
30 4419.6 (174) 2540.0 (100) 2641.6 (104) 4572.0 (180) 5562.6 (219)
31 4572.0 (180) 2743.2 (108) 2743.2 (108) 4724.4 (186) 5638.8 (222)
32 4876.8 (192) 2844.8 (112) 2946.4 (116) 4876.8 (192) 5689.6 (224)
33 5029.2 (198) 3048.0 (120) 3048.0 (120) 5181.6 (204) 5740.4 (226)
34 5181.6 (204) 3352.8 (132) 3352.8 (132) 5334.0 (210) 5791.2 (228)
35 5486.4 (216) 3657.6 (144) 3657.6 (144) 5486.4 (216) 5842.0 (230)
36 5638.8 (222) 3962.4 (156) 3962.4 (156) 5791.2 (228) 5892.8 (232)
37 5791.2 (228) 4267.2 (168) 4267.2 (168) 5943.6 (234) 5943.6 (234)
38 -- 4572.0 (180) 4572.0 (180) ----
39 -- 4876.8 (192) 4876.8 (192) ----
40 5181.6 (204) 5181.6 (204) --- --- -

41 -- 5486.4 (216) 5486.4 (216) ----
42 -- 5791.2 (228) 5791.2 (228) ______

Note: Each line contained either 37 or 42 shorting pins.

* 6



III. TEST RtSULTS

The pin Dox and tne rime-of-Arrival Data System I (TOADS I) were used to

record the shorting pin data for Test 1. The resistance probe data were

recorded on analog tape. Data recovery from this test was poor in that tne

TUALS I did not receive tne proper signal from the shorting pins. The trigger

voltage was provided by an external circuit, and because of the shorting pin

configuration (common ground), this circuit gave a negative pulse to the TOADS.

Uata were obtained, however, from the pin box and the resistance probes.

For Test 2 the external trigger circuit was modified for use with common

ground snorting pins. The pin box and TOADS I and II were used to record the

data. Data recovery from all three systems was good. The resistance probes

were recorded on an analog tape.

~* The data from tne resistance probes used on Tests 1 and 2 were not leg-

ible. Apparently the capacitance of the long lines caused an early-time

voltage rise, and tne result was a nonlinear circuit response.

The shorting pin data for Test 3 were recorded on TOADS II and TOADS III.

Data recovery from both systems was good.

Tne TuA plots witn all the data available for Tests 1, 2, and 3 are shown

in Figures 3, 4, and 5, respectively. The raw data traces are shown in

Appenuix A and trie tabulated TUA data in Appendix B.

Figure 6 is a displacement-versus-time plot for Tests 1 and 2. This plot

shows that the detonation velocity was higher in the unconfined than in the

confined rate stick. In neither test was the steady-state velocity reached.

A displacement-versus-time plot for Test 3 is shown in Figure 7. This

plot snows that the detonation wave reached a steady-state velocity of

o,4tj m/s (21,17U ft/s) within 2.43 m (8 ft) and continued at that velocity for

the remainder of the test.

7
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IV. CONCLUSIUNS ANu rECOMMENLATIONS

Tne test results show that the detonation velocity of the unconfined

charge employed in Test 2 was greater than that of the confined charge used in

Test i. The difference in velocities is due to the much larger diameter of

the unconfined charge. However, neither rate stick reached a steady-state

velocity as indicated by the slopes of the displacement history curves for

Tests I and 2 (Fig. 6), which were still increasing when the detonation front

reached the end of the charge. The conclusion is that the rate sticks used in

Tests 1 ana 2 were not long enough to allow the detonation waves to reach

steady-state velocity.

In Test 3, steady-state velocity was obtained in a confined environment

as indicated by Figure 7. Tne rate stick used in Test 3 was twice as long as

tnat used in Test 1. The diameter of the charge was also increased for this

test so tnat more information could be ootained on the detonation characteris-

tics of large charges of IRESET.

Un the basis of the results of Test 3, it appears that IkESET warrants

additional investigation. IRESET A-la is potentially useful for large explo-

sive tests when an explosive material that can be cast into a form is

required. oecause IRESET hardens after casting, the form could be removed

before the explosive was detonated. The wave deformities generated by the

support containers required for currently used explosives would -hus be

eliminated.
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APPENDIX A

RESISTANCE PROBE DATA
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APPENDIX B

TABULATED TOA DATA

Test Page

Test 1 22

Test 2 2

Test 3 27
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7. W. W. w . W

Shot 1 Pin Data
IRESET-A, 18-in, R (in) vs. T (ms):

I X 0.0100000 ym 0.0000000
2 X 0.0102000 Y" 1.0000000
3 X= 0.0102000 Y- 2.0000000
4 X 0.0102000 YM 3.0000000
5 X 0.0095000 Yu 4.0000000
6 X 0.0966000 Y= 5.0000000
7 X 0.1032000 Y= 6.0000000
a X 0.1092000 Y= 7.0000000
9 X 0.1146000 Ym 8.0000000
10 0.1220000 Y= 9.0000000
11 X 0. 1296000 Y= 10.0000000
12 X 0. 1220000 Y= 11.0000000
13 X 0.1424000 Y= 12. 0000000
14 X= O.1540000 Y= 14.0000000
15 X= 0. 1550000 4.0000000
14, Y .11.0000000
17 X= 0. 1.12400 20.0000000la X= ,O1'-,, Y= 200000

0.2110000 22.0000000
1 X= 0.2242000 Y= 24.0000000
00 X 0.12510000 Y= 2. 0000000

S21 0. 2772000 '32. 0000000
,. X= 0.3032000 Yu 2. 0000000

23 X= 0. 3306000 Y= 43.0000000
24 X= 0.4530000 Y 60. 0000000
25 Xm 0.5036000 72.0000000
26 X= 0.6106000 Y= 04.0000000
27 0. %:.40000 = 16. 0000000
20 Xm 0.7534000 Y= 103.0000000
29 Xa 0. 0300000 Y 120. 000000)

A

. .~ . ...
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Shot 2, TOADS I Data
IRESET-A, 24-in, R (in) vs. T (ms):

1 X= 0.0593000 Y= 0.0000000
2 X= 0.0614000 Y= 1.0000000
3 X= 0.0642000 Y= 2.0000000
4 X= 0.0674000 Y= 3.0000000
5 X= .0814000 Y= 5.0000000
6 X= 0.0076000 Y= 4.0000000
7 X= 0. 1004000 Y= C. 0000000
C X= 1205000 YM 11.0000000

X= 0.121000 Y= 12.0000000
10 X= 0. 1462000 Y= 14.0000000
11 X= 0.1581000 Y= 16.0000000
1 X= 0. 1952000 Y= 20000000
13 X= 0.2203000 Y= 24.0000000
14 X= 0, 2457000 Y= 2. 0000000
15 X= 0. 2909000 Y= 34.0000000
16 0. 5792000 Y= 04.0000000
17 X=  0.6443000 YM 96.0000000
18 .X= 0.7759000 Y= 120.0000000

2.3% '.

"'4'
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Shot 2, TOADS II Data
IRESET-A, 24-in, R (in) vs. T (ins):

1 X 0.0507000 Y= 0.0000000
2 = 0.0621000 Y= 1.0000000

3 X= 0.0659000 Y= 2. 0000000
4 X= 0.070"1000 Y= 3.0000000
IS5 0.0067000 '/= 4.0000000
6 X= 0.0793000 Y= 5.0000000
7 X= 0.095-3000 4.0000000
83 X= 0.1037000 Y= 7.0000000
9 X= 0. 1*217000 Y= 9.0000000

10 X= 0.1239000 '1= 10.0000000
11 X= 0.1=53000 11 i.0000000
12 X= 0.1433000 Y= 12.0000000
13 X= 0. 1741000 Y= 14.0000000
14 X= 0.1993000 Y 20.0000000O
15 X= 0.;2169000 22.0000000
16 X= 0. 2325000 Y= 24.0000000
17 X= 0. 2591000 Y 23. 0000000
1 CW X= 0.2367000 Y= 32.10000000
192 X= 0.31"5000 Y= 36.0000000
20 X= 0.31859000 Y= 48.0000000
21 X= 0.4557000 Y= 40. 0000000
22 X 0. 5233000 Y= 72. 0000000
23 X= 0.5895000 Y= 4.0000000
24 X= 0.7161000 Y= 100.0000000
25 X= 0.7670000 Y= 120.0000000

24



Shot 2, Pin Box Data
*IRESET-A, 24-in, R (in) vs. T (ins):

1 X 0.0600000 Y 0.0000000
2 X= 0.06000 Y= 1.0000000

:3 X= ~0.07100000 = :2 000
.30.0700000 2= .0000000

4 X 0. 0=160000 Y= Z.0000000
6 X= 0.006000 Y= .00000
6 X 0.0300000 Y=.0000000
a7 X 0. 102'0000 7 .0000000
8- X 0. 14000 Y= .0000000
90 X 0.1294000 9=1.0000000

10 X 0.1294000 Y= 11.0000000

1,2 X 0.1532000 Y= 14.0000000
0. 1466000 1"..000000o

14 X= 0.18200 18.0000000
15 X= 0.11938000 2.000
16 X= 0.2276000 Y= 24.0000000
17 X= 0. 2546000 = 23.0000000
is8 X 0. 2752000 Y= 32.0000000 b

19 X= 0.3064000 Y= 36.0000000)
20o X= CK3414000 Y= 42.0000000

21 0.3008000 Y= 48.0000000
22 X= 0.4516000 Y= 60.0000000
A. X= 0. z51 e2000 72.0000000
24 X= C0.5060000 Y= 04. 0000000

1. = 0.6504000 Y= 96 0000000)
26 0. 7755000 Y= 120. 0000000~c

25.
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Shot 2 Averaged Data
IRESET-A, 24-in, .R (in) vs. T (ms):

1 X= 0.0599000 Y= 0.0000000
2 X- 0.0638750 Y= 1.0000000
3 0.0675250 YU 2.0000000
4 X 0.0720750 Y- 3. 0000000
5 0.0802750 Y= 4.0000000
6 X 0.0827750 Y" 5.0000000
7 X 0. 0910250 Y= 6.0000000
S 0. 1009250 Yu 7.0000000
9 0. 1044750 Y= 8.0000000

10 X 0.1141000 YM 9.0000000
11 X 0. 1214750 Y= 10.0000000
12 X- 0.1286500 Y= 11.0000000
13 X= 0. 1370500 Y= 12,0000000
14 X= 0.1528250 Yu 14.0000000
15 X= 0. 1664500 Y= 16.0000000
16 X= 0.1805917 Y= 18.0000000
17 X= 0.1924333 Y= 20.0000000
18 0. 2083750 Y= 22.0000000
19 0X= 02270000 Y= 24.0000000
20 X= 0. 2535000 Y= 28. 0000000
21 X= 0.2773500 YM 32. 0000000
22 X= 0.3060500 Y= 36. 0000000
23 X= 0.3414844 Y= 42.0000000
24 X= 0.3791188 Y= 48.0000000
25 X= 0.4494875 Y= 60. 0000000
26 X= 0.5172063 YM 72.0000000
27 X= 0.5851750 Y= 34.0000000
23 X= 0.6495750 Yu 96.0000000
29 0.7130750 Y= 108. 0000000 '-
30 X= 0.7735500 Y= 120.0000000

26
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Shot 3 Giage A Data
IRESET-A, 36-in, KC (in) vs. T (ins):
1 X= 2.1239000 Y= 0.0000000
2 = 2. 1395000 Y= 6.0000000
3 X= 2.1699000 Y= 12.0000000
4 X= 2.2029000 Y= 18.00000i)
5 Xz 2.2281000 Y= 24.0000000
6 X= 2.2453000 Y= 27.0000000
7 X= 2.2583000 Y= 30.0000000
8 X= 2.2713000 Y= 33.0000000
9 X= 2.3079000 Y= 42.0000000

10 X= 2.3387000 Y= 48.0000000
11 X= 2.3595000 Y= 54.0000000
12 Xx 2.3829000 Y= 60.0000000
13 X= 2.4139000 Y= 66.0000000
14 X= 2.4367000 Y= 72.0000000
15 X= 2.4883000 Y= 84.0000000
16 X= 2.5363000 Y= 96.0000000
17 X= 2.5815000 Y= 108.0000000

18 X= 23100 Y= 120.0000000
19 xz 2.6781000 Y= 132.0000000

:• k-. ;'

20 x 2.7485000 Y= 150.0000000
21 Xu 2.7731000 Y= 156.0000000
22 X= 2.8159000 Y= 168.0000000
23 X= 2.8443000 Y= 174.0000000
24 X= 2.8675000 Y= 180.0000000
25 X= 2.9141000 Y= 192.0000000
26 X= 3.0081000 Y= 216.0000000

o" .%-

27 X= 3.0309000 Y= 222.0000000
S X= 23.541000 Y= 228.0000000

27
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Shot 3 G~age 8 Oat aI
IRESET-A, 36-in, R (in) vs. T (ins):
1 X 2. 1323000 Y= 3.5000000
2 Xz 2.1479000 Y= 7.4999600
3 XZ 2.1647000 Y= 10.499960U
4 X= 2.1775000 YM 13.4999600
5 X= 2.1941000 Y= 16.4999600
6 Xz 2.2095000 Y= 19.4999600
7 X= 2.2241000 Y= 22.4999600
8 a 2.2349000 Y= 25.4999600
9 X= 2.2467000 Ym 27.5000000
1l) X= 2. 2503000 Y= 28.4999600
11 X= 2.2733000 Y= 34.4999600
12 X= 2.3065000 Y= 41.4999200
13 X= 2.3323000 Y= 47.4999200
14 X= 2.3575000 Ya 53.4999200
lb X 2.3883000 Y= 59.4999200

0 = 2.4015U00 Y= 63.500000
17 X= 2.4517000 Y= 75.5000000
18 X= 2.4663000 Y= 79.4999600
19 X= 2.4989000 Y= 87.5000000

2 = 2. 5459000 Yz 99.5000000
21 X= 2.5591000 Y- 103.4999600
22 X= 2.5937000 Ym 111.5000000
23 X= 2.6057000 Y= 115.4999600 I
24 X= 2.6439000 Y= 123.5000000
25 X= 2.6911000 Y= 135.5000000
26 X= 2.7379000 Y= 147.5000000
27 X= 2.7851000 Y- 159.5000000
28 X= 2.8797000 Yz 183.5000000
29 X= 3.0219000 Y= 219.5000000

28



Shot 3 Gage C Data

1 X= 2.1403000 Y= 1.9999200
22.1527000 4.9999200

3 X= 2.2107000 Y= 16.9999200
4 = 2. 2231000 Y= 19.9999200

52.2459000 Y= 24.0000000
6 X= 2.2901000 Y= 34.9999200
7 X= 2.2975000 Y= 36.0000000
8 X= 2.3139000 Y= 39.9999600
9 X= 2.4023000 Y= 60. 0000000
10 X= 2.4133000 Y= 63.9999600
11 X= 2.4403000 Y= 69.9999600
12 X= 2.5733000 Y= 103.9999200
13 X= 2.5947000 Y= 108.0000000L
14 X 2.6877000 Y= 132.0000000 -

15 X= 2.7341000 Y= 144.0000000
16 X= 2.8285000 Y= 168.0000000
17 X= 2.8755000 Y= 180. 0000000
18 X 2.9219000 Y- 192.0000000
19 X= 2.9717000 Y= 204.0000000
20 X 3.073000 Y= 216.0000000
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Shot 3 Gage 0 Data
IRESET-A, 36-in, R (in) vs. T (mns): . -

1 X 2.1283000 Y= 0.0000000
2 X 2.1319000 Yz 3.0000000
3 X= 2.1445000 Y= 6.0000000
4 X= 2.1561000 Y= 9.0000000
5 X= 2.1743000 Y= 12.0000000
6 X= 2.1877000 Y= 15.0000000
7 X= 2.2031000 Y= 18.0000000
8 X= 2.2193000 Y= 21.0000000
9 X= 2.2333000 Y= 24.0000000
10 X= 2.2479sOU0 Y= 27.0000000
11 X= 2.2751000 Y= 33.0000000
12 X= 2.2861000 Y= 36.0000000
13 X= 2.3109000 Y= 42.0000000
14 X= 2.3395000 Y= 48.0000000
15 X= 2.3661000 Y= 54.0000000
16 X= 2.3899000 Y= 60.0000000
17 X= 2.6753000 Y= 132.0000000
18 X= 2.7009000 Y= 138.0000000
19 X= 2.7711000 Y= 156.0000000

21 2.8181O0 Y= 168.0000000

23 X= 2.8897000 Y= 186.0000000
24 X= 2.9137000 Y- 192.0000000
25 X= 2.9607000 Y= 204.000000026 X 3.53100 = 22.00000 Lg
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Shot 3 Gage E Data
IRESET-A, 36-in, R (in) vs. T (ms):

1 X- 2.1205000 Y- O.0000000
2 Xx 2.2945000 Ys 36.0000000
3 XU 2.3977000 Yu 60.0000000
4 X- 2.4455000 YE 72.0000000
5 Xm 2.5867000 Y= 108.0000000
6 X= 2.6351000 Y= 120.0000000
7 X= 2.7561000 Y= 150.0000000
8 Xx 2.8019000 Y- 162.0000000
9 XU 2.8251000 Y- 168.0000000
10 X= 2.8493000 Y= 174.0000000
11 XU 2.8891000 Y- 183.9999600
12 X= 2.9049000 Y= 187.9999200
13 X= 2.9205000 Y- 192.0000000
14 X= 2.9371000 Y- 195.9999600
15 X= 2.9699000 Y- 204.0000000
16 X= 2.9796000 Y- 207.0000000
17 X= 2.9899000 Y- 210.0000000
18 X= 3.0025000 Y= 213.0000000
19 XE 3.0107000 Y- 216.0000000
20 X= 3.0467000 Y- 223.9999200
21 XE 3.0557000 YE 225.9999600
22 X= 3.0623000 Y- 228.0000000
23 X= 3.0719000 Y- 229.9999200 .-. -
24 X= 3.0783000 Y- 231.9999600
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